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am- "• aiII ««Mt«»«*<)!>*W£IMBWf 1: 




7 

«? 7 
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WfctfU^A (GaN H P r filO<X<l) frb&Z>Z£Z<&mt-fZm& 

Cfff^l 1] ^n8^«&<Z>S83fc#&^*fgft#U *A (GaN)IIII 
jgv**>*iS«ffi{c;l3v*T, ffffai i I JS^b4&JgaS©*ffii:t&IBJSS borate 

- K«m«. 

«lcttwe>tiTv^Sii:S:#«i: < r5lS*^i l fc^L l 3 (cfa^tf) I I I j£3 
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©5%^±T'3 0%J^Ti: LfcltS: If 1 6 }CfB«<E> I I I mm. 

[ft^i 8] Btfia^B^--^ vtmmtm-rz 1 1 i^mj^ji gft 

U>-fb#U?A (GaN H P x , filO<X<l) e> & 3 3 h h "TSIS 

i^vnLI 7iciE*£cz>i I I »Sfl;«^ift»)t^>f * - KM*i. 
[ft*^19] ^TU&&mm<Dtt9hB*:'&tim4kiJVV2* ( G a N ) I I 

mmtzm^r. *<Dmm*-z v^mmtmm-t &mn&i&mmitmi&&mfr 

[ff^2 0] I I I«S^%*gft«J:tC#affi38reiftffc«>^S» 

[0 0 0 1 ] 

? (o hm i c ) mm<Dmnmj&&m%.r=. 1 1 immt&^mti&yt***- k 

(LED) h^tllC^VN^tl-S I I i^^b^^^^^-f^- Kffl«=fS, £ 
[0 0 0 2] 
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(A 1 X G a y I nj_ x _ Y N : 0 ^ X, Y^l, O^X + Y^l) mfc 

mm (buffer) S#3m£*lTV*.& (»¥2- 2 2 9 4 7 6fTOt# 

m) o i^77^r (a-Ai 2 o 3 #L H B ) &ftyhm*m&<omMm& 

: 0 ^ a, /8 ^ 1 ) ;&*&fl8ttftS*lTV*S (frjgB#lfi§¥ 2 - 2 2 9 4 7 6^-B^M» 
#B8) - 

m. (ohmic) mmiz. ^y.r4rm(Dmm^.un^&mt.^^ 

fiSJlT^S (MX-tf, »6-2 6 0 6 8 2#iIf#i) „ 
[0 0 0 3] 

H1C, t77^7'lSl0 1±(CAl a Ga i3 N (O^a, 0^1, a + £ = 

i ) mmm 102 &^LT®wfc, nm^ituv (g a n) *>^^^>t§p^ 

5*;K|103, M;#U • JyVVU (Ga y I n^N : O^Y^ 1) ^ 
b*t&ft%M 10 4, &t>*p?£G a N^&Sii^^y KJg 1 0 5 2>m?> & 3 p 

ngg^ie^y^^n (dh) *3t©»3tsiJi o&«Afetse*©i i immtm 
^i#LED i o o <z>mmiMk*m&mzm't . s«i o 1 ^rais^re 

tC, p7g&tfn7g*--5 y 1 0 6, 10 7©#^W»?:^tpf 

(P^5*;KI10 5) JkXfn.T&&mm (nfet^y KM 10 3) ^® 
iifclgtf £&^#&£ 0 HP*>, *f§i o 7te#g) I fc3pi Otf>-SP£TOt-£iMi& 
flDX^TTE^^tiTv^,, 383fc3IS 1 0 & &Bfc£fSfc«>, HBfcSP 1 

0 0>3»9t#«4> U «^3ftS©lSv^I I I 8jgft&¥## L E D tf^T* £ & 

[0 0 0 4] 

— U yitiSV ( G a P ) ^ ( ^> U a > ) II b 
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, vyimm (bp) &mu^mmmzM&?znffitfmixtsftT^z> mm 
#^2-2 7568 2^mmmmm) „ mm'&m&zmfaftzmmwmmz 

1 0 - 2 4 7 7 6 1 . Z.0)'$i%k<D 

[0 0 0 5] 

^-r-g»„ v?mM2 o i ngn >$o 

4i) SrJifcfcT, ^M«3S»©— 2 0 2©tf»ifefi|JiCiii— , B2BS*i<5©#j1 
#I-e&£ (ttfIB#^¥2 - 2 7 5 6 8 2 #TO»#JM) „ * fc, 

#Jfb*lT^<2> (#M¥l 1 - 1 6 8 2 4 0 -^fM»#flS) . 
[0 0 0 6] 

y J: »K t)o^6M7;H-^A • #U *A (A 1 x 

Ga y N: O^X, Y£l, X + Y=l) Sg||JiJ:K:tSm*©#3®0!f*e&£ 

W6-3H 8 2 2^wmwmm) o gftr;i/^-?A (a i 

N) &tmft#y ?A (G a N) <D&Mm (mobility) «, fffrfttf'J ? 
A (G a A s ) >fb-f yVV2* ( I n P) ^©ffitf) III - V^fc-^^# 
tt<7)^;n{Cj£j{SLTff7^C/jN£VN (5f5*& 3c B»^, r^^A-fXj ( *M 9 ^ 
5^15 0, («0 nntim 10^8^) ,2 8-2 9l#i) „ MAtf 
, mtT fr^-VU (A IN) (Dm^.XOyJEHM'Wsmt 1 4 cmVv • s 
*J, MA {£> M^a^M©'; >^W (B P) © 5 0 0 cmVv -.s (CJtJKL 
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T%*&l/3 0©{£sicfc£*o-^5 (fffSa l"^A>f*J , 2 8 — 2 9H# 

I I SJslI'ffc^^^ftL E D £?#<5tC^ftJ£&oTV , >"5 e , 
[0 0 0 7] 

ISttttCo^tWffll I I -V»ft^^*#JCJt«LT#5 I I Iftg 

fete, ^JS«Slcii[Jg3*fc^tt(3D^M?iBimfiiS:*-^ »y ^ffi«*i:LT5pJ 

M*-*-#«#li8^S*iTv^ (fltffif 6 - 3 l 4 8 2 2 #Kffl*#B8) . 

, pJ&*Mfaifi K-tT>f Stlfc^b^fU (GaN)^II I«M;*»3M* 

^®^®«5B&^®{c^ (Au) f»ni^e)3&s3S3fctt*-5 y^««*«ia^e>nT 

^•s (BrftH#^¥6-3 1 4 8 2 2^mmmmm) . L#Lfc#e>, 

«t £ & & -r ^j»f»jsfc^ * a* e> r irjr sftsfeft, 

[0 0 0 8] 

-f>^?A • (I TO) JRti, I I I»gft«^fl:LEDj!il(f} 

3SiiPP£3rirs ( r38WI»«JR©fit*j ( (80 #-Atfc, 1 i¥3H30 

tfUtfA (GaN) JilCo^T0>3>* ? h« (f§ftjgii§M5&«) tlTKWT 

1 I IiSS-fbi&^^LED&^^-SfiffiA^tlTVxS (®#r^BS4 9-12 

2 2 9 4 -ifTO*, (DHIfi^P 6 - 3 8 2 6 5 ^^1*, &t>*(DA p p 1 . P h y 
s. Lett. , Vol. 74, No. 26 (1999), 3930 — 3932 

[0 0 0 9] 

fem&ffilz&^Xl*. «Ftci«v\iE?L (hole) mK2fetf^*fr£^»e>*iJi<* 
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f £^ ttf^mZtlT^Z (lufBH^¥6 - 3 8 2 6 5#, SllAppl. Ph 
ys. Lett. „ LfrU I T O H I I I 8Sgft*¥#fltf§£* £ 

-^^^««ltStt^L/TK»T?ttft<, ±SH<Z)^Jlfi^fpI*/± (forward 
voltage : V f ) ^±#bTUi^«5 ($MWttt&IB A p p 1 . 
Phys. Lett. , Vol. 74 (1999) . 
[0010] 

L/ <fc e> i: "T-SfRja] 

tf^ © §g*t#& £ Z> % <D T*& Z> a 
[0011] 

(c SB m. i" -5 ^ £ & # ^ £ £ © T* & 3 „ 
[0 0 12] 

( i ) mmizm 1 vtmrnzmttm 1 

^ s#^a3S«©*®-ttc^snfcv>fbffli^ (bp) **m**e>fcs«« 

GaN) &i i immitmm&mts mi i ijgg^jBS«±»c»W'e>*ifc# 

3B3fe#>frt-- Refect, ff/IBl I l^S^»iBaJl©^lSi:tffSaJSJffii©iaK: 
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[0013] 

tc@H«^tiTVNS^^?:#i!![i:-ts (i) (2) \zmm<Di i immtm 
btix^&z. (i) &v>l o) icfB*©i i immtm^mw 

T^Z>z.h*mmk.-tZ> (1) &VM, (4) &cfB«tf>i I i 
(6) fliia»-^yf«I^ BtffBl I I^^b®*SM©*lB±©^ffi« 

(i) (5) tcia«c7)i i iw&tt>m¥mftft%#4*-Fo 

±T*3 0%aTi:lfcli:$:M^tl. (6) ic|B*©i I I Ss£ffc*»¥»#$fi 

(8) frffB^®^--^ v^nmum^^ I I g^y^t* 
U^A (GaN H P r ilo<x<i) 7^<b&s^£ £#$t£-f S (i) 
L(7) JC!B«<BI I I«Iftif^^^^-F. 

[0014] 

(9) (1) fcv>L (8) »C|Sfi©I I IjKSftftf«ft»3t^>ft - KSrffiv^ 
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do) o) ic3a«©»3te#y*-- F^y7*m^t=.%m 0 

[0 0 15] 

(id '\Tum<grm&<?>ft%iBZ:istjmftjtfvv& (GaN) *i i iais-fL 

£&£5&M££'i>&< £&tfS;i£ I I I MmitVu^mfoftyh? 4 *- KtcMv* e> 
«»fc*«&fci*3lffii*---^y**«#, sufHl I lJfcgft&*SM(Z>^®i:!g 

[0016] 

(12) BfffH^M^--^ y**«#, mm^mmm<Dmm(Dmm.izmm^nx^ 
&z.£zmffli£tz> (id {cib«cdi i immtm*mfo$&%#-4*- km* 

(13) gafa^®^-^ y ?*«#, fSfia^ffi*ffi©tfii&u:^LT^*fl9;©fi 
fiCfBfBStiT^-Si (l 1) (l 2) (cfH*(D I I IM 

VbtlT^&Z. (11) fc^b (13) &Cf3«<7> I I I ^H-ffc^J 

(1 5 ) sufB^B^"— 5, *y PMMtfi* #raBItclE»2 tifc«»<Z>««a> e>«^s 

tlTVNSifc&^atil-r*. (1 1) fcV*L (14) tC|H*©I I Illftl^i 

(i6) mnzmm*-s.v ?mM*>\ tufa i i iMffcft^if©^®±©M 
zmmt-tz (id fcwL (-1 5> iciB«©i i iiiftttf^*^^ 
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&±T*3 0%#T£ VfcZ.£.*mmftZ> (16) (CfB«© I 1 .1 

(is) fffiB^®^--^ ^^«^^^-t^> i i i^™*g H lt®^> mtvylt 

tfVVJ* (GaN H P r {S10<X<1) ^^^-S>r^$:#^^-r€) (1 1) 

(17) izmmcDi i Kfflti. 

[0 0 17] 

(19) ^n^Sf^^BPSr^fr^ffctfy ?A (GaN)|II I ^Mffc 

(2 o) 1 1 immitw&£km±Kmm&mwmitw&&mfrfi>te 

&&h&^£oiz-tz> (19) izmm<Di i i^^^tt^^*- km 

[0018] 

0 3^. _hta (i) tfri* (i i) icfa«©#§H^(c^^>n i commmm^m-t 

1 r iMftM^L E D 3 o o fei^cttoM^^tsfe*©^® 

m^mT'&z, mi<DmmMniz&frz>LED3 o o«, i«3ouit^« 
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v ?mM3 0 9 £ LTKWSIii^SS. SP*k if 7 r >f T«©«lMifi»tt<Z> 

i&ffitfmmzti. isv^^gasoi i i&g'fti|&LEDS:$ss * 
mmzmmLz. mmz.mmo)mw^wix^. 1 1 iMfb«LEDS:#st 

H IT, SIR (Si), U >ffc#U ?A (G a P) , ffirffctfU (G a A s ) 
{10 0} {ill} fc-rs pitfelinf i/'j n>^S 

[0019] 

^tttg B H B ^e»^sa«3 o i osffi±}cit vyitmm (bp) M^^^i 
/*an§««»3 o 2 &sms 0 u>^w (bp) #$m£«, «j*tg3|s*:i, 

Tii (B) U > (P) Sr^*< t=fc^tfl I I -V|M«^^ 
„ B P^M^i: UT V >ffc?8Bm (BP) ICflB*., ^fbUXfciM (BN 

1-X P X : 0<X< 1) XfclfflaS • tfU ?A (B H Ga y P : 0<Y< 1 ) ^ 
^•etS. BPITOipniM^^l/Afa (DH) |8#fflS3 0fc«J* 
•tS^b^fU^A (GaN) ^<Z>I I I^^b^^^cT)^©^^^^^ ( 
mismatch) mXM. g5M/*Jfc (=1-X) £ 0 . 03 (3 

%) ilt5BN 0 #0 3 P 0.97 C*^»=4. 5 1 0 A) P> liiC G a N h 

[0 0 2 0] 

7X-yn-> (as-grown) ^JBtCfeV^T, £K#MI«# 3*1 
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mm ( (c 2 h 5 ) 3 b) /it^v^y (ph 3 ) Kfo?k^m±mmftM%mm.£k ( 

MOC VD) BUZZ Vf&mi&mZffiZ 0 0°C&MZ-ffi5 0 0°CJ^T©M/gT^M 
•t^^^lCi U#£*i£ 0 ^i^^fbfiffli^ (BC1 3 ) / = *6ffcU> (PCI3 

) &fo?k^U>fy (halogen) ^ffl^fi (VPE) &£*rj/gU /$flg&£ 

sr*5i 5 o°c~^7 5 o°c<Dmmizn%.LTmt>nz>o JSfC /$0Hg£ttftr2 0 

0°CJ^±T^5 0 0°CUT(Dmm£?Z><D 2 0 0 0 - 5 8 4 

%.Lxi&titm&&^*m'&w&&. 5 0 ov 

[0 0 2 1] 

2 0 CCJ^Ji-e 5 0 0^#T0>*BH©Jfc8j^ffiia^j£KLfcB P^WA^^S 

&Mt."e&mmzmm?&z.£%vi*&. & ; uMmm*ftLXf&mznfrB p^ 
vyimm (bp) ^e>«:4<Bffia»«i:B p#jea*i:<j!)2jg^e>«^osti* 
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ffltt^H, 8 o o'c'frb i 2 o o°c<7)ummmT*f&m-tz>v>t>w$. 

[0 0 2 2] 

.#§3 l fc3P£#:/;i/'\7 L n (double hetero:DH) m&M&fr 
ibm&ir&hL. *VVT (carrier) 0 r^^^^^j &cJ:U. 

3 0 3.;fttf_L3P#^y FJff 3 0 5 tfrfcfllffcStlTV** p ni^SDHi)|(D|6 

Sa^SajRfleM^vxttMSJRWSilft^-©^^^^^ (mi smat ch) (D'pte 
^gkMfrt>Mf&'tZ><DtfW.%. UV^ .^'JfA (Ga) ffl^Jt&O. 0 

3 (3%) ^-r*fi^FS©U >ftMl • #U ?A (B o g7 G a 0 03 P) U> 
jSB/SJfc&O. 0 3 fc^SS^MffcU >ffc#y ?A (GaN 0i97 P 0i03 ) i:, >f 

>^^M^t;?:o. i 2 ii-rssi^M-fb^y • >f (Ga y8 I 

n 012 N) t.tem—<Dfctt&4 . 5 6 6A5:tt5. i4lJ:»J, B 0>g7 Ga 0> 
OgP««»±K:, GaN 0<g7 P 0#0 g**9*K**U Ga 0<ffl In 012 Nfc» 

[0 0 2 3] 

I I IIlWi^LED 3 0 0 ©*®{W©*«tt, flil^3 1 
5-««iJ», P nt^SDHil(DM3 0 &«^S±fflJ^^y K 

13 0 5(D^®±tC^®^"-^ ytmms 0 8 _tBP^v>y KI3 0 5 

«y ^113 0 8 ©SiS&SIU affi*-$^t|3 0 8 

fc3*jlfS«McS!ttfe I TO^O^ttjareH-ffcftjeSJi^ejJ&SffilJf 3 0 6$: 
3 0 6±CZ>tfJv&aiStC#-ffi«ffi3 0 7 &K^T#^"f 5. fiPl3, ^ 



1 3 
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7(c^M^-ti:T(c, 1 1 iiiw^LED3 o o m&ommwmfo 3 10 

(EI3 (CM^-T^LED 3 0 0 {C&oTte±£|5?^-/ KM 3 0 5) 0m 

^^^IWI^lC^T'^So I TOMOi^t LtliiMffi (ZnO) , 
i»(Zn) • Si (S i) 
[0 0 2 4] 

±SB<5D L E D 3 0 0 ©*®{l!f©«^tt, » 1 ©XgT'±gP ^5*;KI3 0 5 OD^t 

m\zQtta<D7* bwtf^yj -^<D^m*m^Tmw#-$.y vmma o 8 & 
Ki3 o 5©^®^BafH^®7f-^ v vmms o 8 t&ior, mm*-$ 

, 'S e>tC5I^iKS0 3 ©XgTf, frjfE5&JS3 0 6(Z)±B|5^M©^^tC^ji3 0 6 
tlIt§^M©M«i3 0 7 £0/*"r5££tCj:oTfft*T?£§ o 
[0 0 2 5] 

i £ffiM3 0 7 £_tSS#9y KM 3 0 5 _tKl#«ttaaWB»ffc*iKM 

*^?>3S:-BfBM3 0 6 Sr^LTJ^^-rSi^tC J: *J, £&M3 0 7 0) & f? ■*> 

[0 0 2 6] 

#38"'IP!ti#tC, ^ffi^iCMT^®-^--^ y*«*§3 0 8 ^1113 0 7CDMH 



ffi$E4$ 2001-3037488 



^2 001 — 1 16251 
(CjUfi l/T I I IIlttmLED5Mt50MT^5. EI41CHI1 
3 1 (B3#H&) 0 5 (0 3#I) 69:gt®±JC, 3 0 7 £ 

3 0 5<D|*lS|StC, L ^ T ttlfcftSP 3 0 (H3#flg) JCJfrfa&fEmSK&^ffl, ftft 

HH57-1 l 1 0 7 6^HM##fi€) K^3ns^<<DM#l8£:l£ll& l J. ¥ 

[0 0 2 7] 

ms &fflm\;xmm't&i^ &mnM3 o 7©t*csi>msi3 o 7©#j^ 

f»3 0 7 a fC^tf^ftte, ^ftSPS O^f,0^A^Sfl3 0 7 {C «fc »J ft 
^JS3 0 6 l:^Lt|fM«3 0 7 a IC^iS&S tl5 3R^Si[f^m«5tt^©»^^ 

«^#3 imi i i^^b%M^M©^*M3 o 7a>m&mm3 07 a & 

fr<DffiW3 0 7 b (JgJT, B&GftlB#1B«3.0 7 b) ®^®_t(CgB«-T-g>o 04 IC 
#3l^lC&;b&^®;fr-S y I I I^-ft%^^LEDC7)5p® 

m^H&^i-o Mj6fc*83fc!B« 3 o 7 b KHB«£4x;Mlffi*- ^ >y 3 0 81i 

, mm^ytmm3 o 7 bizm^m^m^m^mizmm. t&mz^&ftmzmw 

Mi3 0 7 b JclSSLTSI^f-a&f^miK&^tfjLTSIgAa-tirSr^Jcj: bvx 
T(i^^^fl^c3 0 7 bODT^©> WAiJ, g-fbtfU ?A • -f (G a 

y I n H N : O^Y^l) ^^^JfS 0 4 £ LTfA fe^lftgP 3 0 {C^AlT 3fSl 



1 5 
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[0 0 2 8] 
[0 0 2 9] 

M@^b©gEii$:^b< isTMmmzmmzn&mm* - $ yvnm\z, mm 

[0 0 3 0] 

mnM(nm®<Dmmz'mmmizm®L(Dmw*- $ v vmrnzmm-tz z. tic & u 
> smmm £ u mm & m. m l t«j^-s *i s m^t&f^«^ & fg^sis \zmm \zm mx 



1 6 
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mz^%m\z, m <R^m-ttm®m**i ^xm^mi^mm^mmx nz>fr&> 

[0 0 3 l ] 

zm&i,xmx.xmmznt~mm*- $ v vmrnit. Mwa&ytmmzmft&izR 
^m-temm>mmz&^xm*Mftmmzmmz^zizm&nmzm-tz> 0 as 

*«5 0 8<Z)-BBB^flB&M^&¥®fl^i2lT?a&&. JlttWtcfcfc, Mc#§3M 
igc5 0 7 b{C (>f) ^1115 0 7 (DMmmWlzm-t&Z. h&<, ¥®#JfCMT 

^Ili 5 0 7 ©JSH©fS«lc^Sfli 5 0 7 izMlsX&^Mffio&Mlz, (n 
) £M}S5 0 7©tf»>&&tfJ&fc^S¥&d 1 &tf¥&d 2 (ffi U d 2 >d 1 ) © 
2-D0^RfflRM5O9, 5 1 O_htf)ifc0/?TtC#*, ^ffi*S5 0 7©tf»/&5 
0 7 c#M^8EKi£^*>, ^Lo (^) m—V>Fim± (5 0 9 ifett510) &c*B 

stc^rap»ic*ffi>r-^ y zmms o 8 &bbblt i i im& 
% aia-*- -satiety, mc^mcs o i bizm^mizM-^mmizm^m^m 

[0 0 3 2] 



l 7 
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y ZmMm.tttfmM~?Z>Z.£lZ£ »J, mjfft*& (forward vol 
tage : Vf) #||JC*ttJn"rS^f|J-&&3fe"f . ^4X^9, *mm<Dm 6 (DMffi 

y*«ffitf>IBSt©'&fff- ( = A) Bffftl8ftiig«c0il&@8! 
(=B) fCfcfU itm ( = A/B) C IT 5 %^±T' 3 0 %^T(CMt -5. jtfc 
ffi%IBftffl«c<Z>il&«l (= B) fcfcj:, v^«ffiS:lBil-r-5-« 

[0 0 3 3] 

B8&*8ft««<Z>*8tig3t (= B) ££toS*®tf-5y**«<z>S»t©-£#f- ( = A 
±#t)fc&3*l*t)(i!)0, miifanViiZ 2 0 ^ U yy^y (mA) tLfc^CV 

f te&«cmj&n*5*f|5^#£&.5. i&1B#sa&«BB©J*#sa> i i iJ£ 

5^;i/b (V) £||x.T?S<&£*§^*;&£o BBiJtfS Steele 33 ^T^tW 

'«>, i» (=a/b) M<^5[:o^ &«a*£&53liB:*--^ v *mffiJc<fc 

HMfc*83feffi«*0>*»Bf«t (=B) tc£«><&3e3fftf-3 v*««<Dffi3t©^ff ( = A 
) <DJ*#S#3 0%£j|g;i££, Kffla»a«j«gH©Jt^6<z> I I i«Mfls#^N*#L 
EDJCJt«LT, #9A.«li*lRlSSR2 0 mAlC^^<5 L E D©$83fc&l£#, &J4 

[0 0 3 4] 

120 timii-tzR&oitammmzmz-tc.. -mn-sktz & 3 5 0 
z.-(omn^mm<ommm (=b) jcmu ? zwmcDmm.^ 
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ft ( = A) & 5. 5 X 1 0~ 5 c m 2 (A/B = 0. 05) J^_tT* 3 . 3 X 1 0 " 4 
cm 2 (A/B = 0. 3 0) XT ft Z>Z\£lZ& »J , $&3fc&l£%« < f#i±TJlR# 

. 1 X 1 0~ 3 cm" 2 (=B) fr*BBi»^««»C, 6^20^111^5^ 

( = A) S£9. 4X1 0" 6 cm 2 i:^ l J, Jt^ (A/B) 5:^8. 6%£:*£I 
I IiittmLED^Mt^S. Jts(8 (A/B) iilf, 31®*- $y 

l o%®iffli:t^i:, iSv*38ft3ftK&#^ ^fe.S.o'fS^v f © I I I 

«Sfb«4 £ ##LED*«ip^<««3ns. ig®*-$ pj£ 

<Z) I I iag^fcft^frM^^MlClgWSS^tCfeoTtt, 3<Z>1« ( = A/B 

) *nmi i iMmitm^mftmmmizmmtzm&izikvTjzt-tzii, mm 
mi i iiiwi*mi:^tpfi i immm^mmz, 
-^v>? mmo) ¥m<b m ^ © & *m t- x s «s h & & # s & 

5IA<*)Sfetf)T?*>S. #JC*®*-$ p?g© I I I ^-ffcW^ttJg 

CD^tffifCggtf 5 pt>fKrf^ ( s i d e - u p) m<D L E Dt'ii, J£3* ( = A 
/B) S:n-9->f KTy^SLEDOH^KljfaasnSit* ( = A/B) &C*fL 

[0 0 3 5] 

flg^i^«£E©«j&itantt, ^t®*-$ v ?mMj)mv*>ft&-mm,m 

V (contact) JS) <Z>ttjBtlC#t#* S^ig*-^ y ^7 «^CDgM}gm£M 
•f4x»0J^tL#5c lot, *^W©^7 0^J6^J»-ett, ^ffi*-^y*« 
S&BB«-rs«lM*3i#«I^M«:SfbU >fb#U (GaN H P x : 0<X< 
1) ^3f5J:»;=i>*^ NSi:LT#ffi3*irv\*©tt, g 

fb#U ?A (G a N) T'&£ (#ffS¥ 6 - 2 6 8 2 5 9 #4MM#ffl##R3) . U 
^bGaNj.jjPjj (0<X<1) fC&oTkfc, V (=X) ©WHK <fc *J 

£Slt^ip§£^b£i££>*l<2> (A p p 1 . Phys. Lett. , Vol. 6 0,. 
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No. 20 (1992), 2540-2 5 42 H#M) . U >jfflJ5* 

tt ( = x) ©aHiiNcfty, M-fb#u?A (GaN) icj£lt, £Lih*&ii©«fc *J/J> 
$ & mm ■* - ^ v 9 mm t*zz> m& 

[0 0 3 6] 

^4 5 0t;^-^ (nm) ©W6»^tCffilS"rsai#x*;b^-tt 

3r-t±,ftj2. 3 8eVt'^. fi£oT, WMI&tfc^tMlttSLE 
D{CoVNTti,^2. 8eV^±®, * fc, itife^ft £ £ Jg "f 3 L 

EDi:*>otit^2. 4 e VJ^_h(D^lh^i|(a : &^t--g> G aNj_ x P x (0<X< 1 

Zc QitVyitJfV VJ* (GaN H P x : 0<X<1) (DimM&Mitfrb LT 
(tufBA ppl. Phys. Lett. , Vol. 60, &M) , W&$>£^& 

m&<DftytKf$Lxmi&mz&ti&n>#>? hmi*. v>mmt(=x) &5% 

(X=0. 0 5) ^TiltSG a N 1-X P X (0<X^0. 0 5) *&iJ*tft5 
. "J>« (=X) 5:5% (X=0. 0 5) gTtt§GaN H P x ( 

0<X^0. 0 5) (D^MV(DmitffimiZffi2. 8eV?:ii5fefc, 

[0 0 3 7] 

SHbtfUtfA ( G a N ) I Hi«^I^e>«;§3>^^ hM©*SJC 
KttS^ffitf-^S/^WSli, 3>;5l^M^ni©i^ ^(Au)^-y 
— A (A u • G e ) , & • » (A u ■ S n) & if©^^ -5 
.• M^pf©i^ >f yVVl* • (I n • Z n) , ± • M 

(A u • Z n) ^<£>S&) (Z n) •^'J'J'JA (Au • Be) ^ 

&fr*>&m*~-$.y9nmwmf&'v&&. z.tib<D&m\t* &4t#vvj* (Ga 
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tt^-^mnmit. & (au) ^riv^-vi* (ad t£g<Dn%t&tfi<D/]>&^& 

[0 0 3 8] 
[0 0 3 9] 

dfaS^ftfl^) KjffiS-r&i:, *83te£*W\ifc U 

[0 0 4 0] 
[0 0 4 1] 

o 

[0 0 4 2] 
[0 0 4 3] 
[0 0 4 4] 

g-ftU >ft#U #A (GaNj.xPj: 0<X<1) £^t®;fr- £ >y tt& 
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[0 0 4 5 ] 

immmi 
(mmm i ) 

E D 6 0 0 (D¥-MW:3%&V$>Z>o 07ttS6l:^tLED 6 0 0©#|gA 

-a* iz%}-ot^mmmftmT*$>z> a 

[0 0 4 6] 

LED 6 0 0&SK6 0 l_t{C^0)#JS6 0 2 — 6 0 5 £fi|;t 6 1 

( 1) mm (B) & K-^bfe P ^«tt© (10 0) Sfc^fS S i W&gkfr 
?>^sii6 o i 

(2) h'JIfJI//K7> ( (C 2 H 5 ) 3 B) (PH 3 ) /7km (H 2 
) H/^^iO^ffi (*^E) MOCVDiSJCitJ, 3 5 OTClCfcV^, P Hg£ ( 
C 2 H 5 ) 3 B(D^itm (V/ I I lit*) 0 0 ICfg^LT^^iife, 
JSJ*£i&2 0^-y (nm) tt5Z n K-^fflpf 'J>«t (BP) ^ 
£>&&4SMftHeJi 6 0 2 

(3) b'J^f^^'J^A ( (CHg) 3 Ga) /T^-T (NHg) /PHg/ 
H 2 iR|S^©^JEMOCVD^tCJ: y, S^f^HE^ ( (CHg) £ Z n) £ Z n 
© F-^>yim£ bT> ffffHp^B P{g?S^®JS6 0 2±JCj^l 0 0 0°CT'« 
flbfc, MJS&^O. 8#m£U ^^y7il^ixi0 18 cm" 3 tnz 
nF-^0pf U>M1 (BP) ^116 0 3 

(4) (CH 3 ) 3 G a/ h U *^;U-f WfJh. ( (CHg) gin) /NHg/H 2 

(In)fi)«jtS:»0. 0 6 (6%) £ U I n«?:ffiItM0ffl.(p h 
ase) A^fcS^ffifciifr&fcS, M^$ri^8 n mttS nfc&itjfV ?A • 
(Ga n Q ,I n n nfi N)i^^Ml6 0 4 . 
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(5) (CH 3 ) 3 Ga/NH 3 /H 2 S»fffMOCVDjSi:j:'J, 10 80 
■CTfflcSSitfcJiJP&toO. lMmtU ^tV7III^2X10 18 cin" 3 t 
nm&4k#V *?b> (G a N ) jf 6 0 5 
[0 0 4 7] 

pn^i^^jKfn (DH) g^*3i©383feaS6 0l±, 6 0 2 ± 

tcBt®<?Si±fca&3Bp7gB P^ H H H I6 0 3 &TSP*9 V K«fc L/, Ga„ 94 I n 
0i06 NI6 0 4 &|83fcJi£U nJ£GaN«6 0 5 &_hSS*^y KSfcL 

T«^Lfe„ ±«S*^y FS6 0 5©^®_h©^ggS^6 0 7©t*0«Sc6 0 7 
aJW^©TO|§^M^c6 0 7 b iCli, & (Au) <b n 7£©^t®?f- ^ >y ? 
«ffi6 0 9 S^BBLTSBebfc. niOW-v^ii6 0 9tt, _hg|5?^ 
>y KM 6 0 5©*lf±BS:-J., £ (Au) ffllSllltillfcf, 4kjaa<D 

^^c«»LTv^sAuSiapBl^i^B^:xy^>y?R^cJ:^;BS%*Lfe. asssu _tgp 

I TO) 3^^&S«S6 0 6 S:»af3-Sfc a 6 0 6 I T OJRO^trt^S 

ttfli&6 X 1 0~ 4 :*-A • Ml/ (P • cm) T?&»K JSJ?l±i!&5 5 0 ^~ 

(nm) £b£„ 
[0 0 4 8] 

It, f&IfrttJffll^fls 6 1 LT L E D 6 0 0 

(1) J8U&6 0 6©cffJjfiaiJlC^Lfe, £ (Au) jb^fc-SiSSS: 1 2 0 *4m£ 

(2) S i 6 0 1 0OKMCDBS±®{C^UfeT;i/^ A (A 1 ) 
[0 0 4 9] 

n^©W-^>y^tS6 0 9 te, #*E#£ 3 0 v m£ ~? Z> R7£<Z) A 

ufr<b&££«»fl£, M«§3W§!c 6 0 7 b©^®±(D^ft8mmtCi2ff It 
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nifflW-v^ii6 0 9(DWm<D^$i ( = A) ttfa 5 . 6X 
1 0" 5 c m 2 t hfc 0 m^7t- ^ >y ^ti6 0 9 ii^Jffi«ffi6 0 7 ©rfi,j>fc cfi,j> 
ilt^^tl 2 0 ^m£>P?M±©&fi{C, cft,&#£:4 5 0 £ 0, SV^CItti&lSgEH 
KUT^ 6 /im©^H|l|5&fcoT#BBLTHiSUfc. 

5 i3MS&£«6 0 1 <D [1 1 0] #ra(0#mteS:30JfflLT, «ffi 6 0 
7~6 0 9#^j«3*ifcSUi*3t#6 0 &-JR«p&;** 9 >f tWJiff 
^ (3^y>0 6 0 OJC^SILfe. ^5/^6 0 0<0¥®^:Kli— 2Z&*&3 5 0 i£m 
£-r£iE#7££U 6 0 7 <z>i£&fcl:!&!B*n< 1 2 0 mi: It, mW& 
3feM«6 0 7 b(Z)®« (=B) lijf&l. 1X1 0" 3 cm 2 tbfc, fi£oT, Mc 
3§ft«c6 0 7 b(Z)^ffi«{C^*?)-5*®^-^ y#«ffi©Bj5»<Z>-£3f-(Z>J*3S ( = 
A/B) li^5. 1%£&o£ = 

[0 0 5 0] 

6 0 l&tf&M 6 0 6 $:Sfilt»-^ y *Sffi6 0 9 
(-f ) #§5^^^= 4 4 0 nm 

<a)3&ftff&=l. 6*>T7 (cd) (fiU I^«S8=2 0mA) 
(^) IlS^|o]*J±=3. 8stf;i/N (V) (fib, JlR^fBl*^= 2 0 mA) 

(-) m.^mmi±= 2 0 vj^_l obu ^^f»i«^= 1 0 n a) 

[0 0 5 1] 
(HMJ2) 

mmmi tizmtezmmonmm*- $ vvnus 0 9 1 1 immtQn* 
mfcuyhfj*- K7 0 0 &^$gL£M£M^T#^Bj!£a&0j!'t£ < , 

[0052] . 

111 8 iz*mmM2 \z&*>2> 111 mmitm¥m{ki, e d 7 0 0 tf)¥®$tnra£^ 
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[0 0 5 3] 

*mt&W2(D I I Hg«#*LE D 7 0 0 T*&. i$mmm 6 0 7 <Z)MH<£> 
MfiW83teflH«6 0 7 bictt, (Au) ±M v (Ni 

o x :<au xiiSJ;-ei) t5lf*lfflM©*®t - 5 y 6 0 9 

fctBttTfe*. v?M6 0 9(B*M*kj:, -2^3 2 0 ^1110 

7 0 (XDfrj&WZfcWLTiEJjBtL, & 120/tm 

£f SR7g©£Jffi*ffi6 0 7 £fB{£(3i±Trc7££: L£o £JMffi6 0 7<Z)pft,i>6 
0 7 c #e>fis:KC0^®a--^ >^tt6 0 9®^»tCMSBEI!ttt 1 2 0/tmiCU 
, Rft©rtj|ilC£$iE«lii^fr6 0 7 c^P>^StCLT 1 0 0 ^ mlCfSjg 

Lfc. — 52 & 2 4 0 tim£.-tZ>iEl3M(Dfp$:%!>frb. 1^2 0 0 /1111® 

FWCfK«&< »JS[^fe¥ffif^<3D^lf*-$ y ^7«^6 0 9 12, 0 
7©if»i&6 0 7 c &51S^ifei(IRCXtJC^»D©^tlK:l5LT£*^i:3&SfB 
Si: L£„ M(#g3OTiSc6 0 7 b<Bj»S8tk:i5#>£^iga'-^ y ^«*S6 0 9© 
mmftitm (=A/B) (^2 8. 8%£Lfc. 
[0 0 5 4] 

mmi trnti Tomz&mQ 0 6 t Ltii$*fe. &A6 0 e 

(Au) ^f)&S^lli6 0 7 S:K»fe. S i 4M£££& 6 0 1 IC TJl 

(a i y - v^ii6 o 8 ^Mim mm&mm 

-t 2>X ? v-ry#|g{C tfcU##JLTL E D 7 0 OfcfcLfc. 
[0 0 5 5] 

L E D 7 0 0 JCOV^T, £JM18 6 0 7 fcXBp*--^ v #«fi6 0 8 ©rajcSJ^ 
(>f ) #8ftM*=4 4 0 nm 

(□) 38ft«Bt=l. 4*>t s ^ (cd) «BU Jlfi#ft«§?E= 2 0mA) 
(A) JlR^lnJ«jE= 3 . 6jtf;i/b (V) (#U «a*lRl«SS= 2 0 mA) 

(-) i^^roj*jE= 2 o vj^j: (ni, mismnm= i o ^a) . . 
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<z>m-&zikm-r'<<mmLt=.-y7j -;b K (n e a r f i e l d) /\°#- 

-?z>z.n\zz:<<), mm^Mim^^mmiz^mzm^m^m^mmv %&z. 

[0 0 5 6] 

mz. z.o> 1 1 isiwiftLE d 7 o o zm^TftmLf~$&yt#j*- k 
(led) ^y?iz-D^xm>m-?z>o mi o&z*.<DLED%mi<^xftmi<f=.L'E 
D^y7<Dmf&*^-?mx*3b& a mlzis\<^x, led^>^8 0«, myt#4* 

[0 0 5 7] 

$83fc#">f K8 #J£fe0S2T?tfMKL-fcI I Hiffl»LED7 

OOOTl, Z<Dmyt#4 K8 1 <3DS*KlglC^34xfeSffi8 1 a (L 
ED7OO0»-^^||6O8) > h 'J - F 8 2 i:S^[Ci 

118 lb (L E D 7 0 0£>&J^*® 6 0 7) ? >f -V U >f 

U - K8 3 tCjgjKStl'r 
[0 0 5 8] 

ED7>y 8 0 li % I I immtQBirmtoftyb***- K&J^ 

T^*fc«>, L ED&mmLf~&<DiZ}:mLT&yb%}m-tffa±Lfc.*J<Dil 

$f>i:r<DLED7>^80li, MffljfcT^, «5imMM*r^, £?M##J\ Kf 
Wf#ft\ S&Wig^T, ma»SS3*jH\ feSv^i^-^r-M^SS, 
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[0 0 5 9] 

(mmm 3 ) 

A (G a N) 16 0 5 £>_h{C, JgiC^f- ^ y V ZJ > % V hjf 6 1 OilbtiftU 

(GaN^^jj, iix=o. 03) -^t^mmmm^m 

fflbTI I IIiW^LED«Lfe t #|I|SM3 tC#:b£ I I I M^. 
[0 0 6 0] 

t-^«y^3>3!^ M6 1 0 U >I#t5: 3%£-f S n^fbU >lb# 

(GaN 0i97 P y3 ) tt, NU^fM'JfA ( (CHg) gGa) /7> 
^ — 7 (NH 3 ) /**7>f> (PHg) /*Mt (H 2 ) SSMffiMOCVD 
SstCJ:*;, 9 8 0lCt^bfc. (Si 2 H 6 ) £ K- ^> 

ffiV^T, :*-Sy*:3>** Njff 6 1 0©^r^«JT^M$:^2 X 1 0 18 cm" 3 tC 
USE h fe 0 v9ni/9>7 VMS i omMmt. Wo. i5Ami:bt 

o 

[0 0 6 1 ] 

n^GaN 0i97 P 0(03 t-5^3>^ M6 1 0 ©*M©i»#i§ftf» 6 0 

7b_h{c«, nm-^^m^nm^m^-r^^ (au) ^e>&s^M 

< vtnms 0 9 &ftjf 6 0 6 I T Olt'SIb, I T O JS®<Z>(f»*aptC 

, Tli^nA (C r ) j^e>. _tjf#& (A u) 3 tiSift&S: l 2 o /j 

m 1 1 5 ®^If g 6 0 7 ?:|Sf I fc„ Pf S if *SISi6 0 1© 

*Mcz)Bg^®tcttT;i/^ (Al) a*e>fc5Jf®tf-^ v*M6 o 8 
tt, IIIIlWi^LED^MLt 
[0 0 6 2] 

n ^ GaN 0.97 P 0.03*"' y hjf6 1 0 £HB0>H;R$83te1B« 6 0 7 

b_htc^®^--^ «y^ii6 o 9 *m-iTMi&LttmMm3 <d 1 1 immtto 

L ED ©ife§#tt$:gTi:I«) S= 
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(-Y ) f§3£$m=4 4 0 nm 

(u)mytmm=i. 3jj>f7(cd) c^au m^\^mm=z omA) 

(A) WB^fnJ«E=3. 2/JObh (V) (1U JlB^fBj«M= 2 0 mA) 
(-) i£#[SJ*/±=2 0 V^± UBU 3&#l«JSm = 1 0 At A) 

[0 0 6 3] 

y^«ffiS:BaiBu, ■ (i) mm*- $ v ?mM$:£[)Mmm<ntpfoKttLT& 
ftttm<7>&mzmm-tz>> (2) ^m^co^^u^gEitii^^^ttcBSfi-r 

(3) ^®^-^ ^^«®$:S:VNiC^rai5gtCiHfi-r^^(D^I:$i?Mi--5i: 
1fi«tcma7?^S*^»#*^©m«E«SS:it*nS*?>4x, lot, W»3t3ait 

1 1 im&it&¥mftLED&ft&izM&wm\ l 'fe>n&. 

[0 0 6 4] 

£ £>lC#3gBJ§lC£^T, ^®7f--^ y ZmmZMikV yfcXV tfA (GaN H 
P x : 0<X<1) J§a«©^S±K:|8^4 JK^I^I«JBt*<35JCfi*a*lfe I 

1 immtm*mfoi,ED*%&-?z>z\£.tfxizz> a 

[0 0 6 5] • 
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[01] 
[02] 
[03] 

#«9!tC«;foS^B:*--3 v I I Ifi^M^^fltLEDCDWf® 

[04] 

#»l5!K:«fc6^®tf-S y #Sffifc«*.fc I I I^MJ^ffrL E D(Z>¥® 
[05] 

[06] 

i i iSftft^iftL e D® W«^0-e*6. 

[07] 

0 6 iZzk-tL E DCDiMA- A' tWSBT^S. 
[08] 

*»w<z>^J6«-2tc^*3-5 1 i-i mmitm^m^L Ena&mm&mx'&z. 
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[0 9] 

*»W©HJ6«3 testes I I I IMtf L E D©»jjSI^0T^-5 o 

[mi o] 

i o #§^gp 

100 IIIIIW^LED 

101 ^yr^rmm 

102 mmm 

10 3 TSIS*9s/ KJB 

1 0 4 #§#JI 

1 0 5 ±as*^yK« 

1 0 6 p y 

1 0 7 n^^T-^ y 

2 0 0 III m^itm^r^W LED 

2 o i v z mm 
202 mmmmft<»-mf8.m 

3 0 ^g^^P 

3 i mmmmfo 

3 0 0 III JJlSfl:*^^ LED 

301 mm 

3 0 2 iftUrM "'■ 1 

303 ras^^yKM 

3 0 4 

3 0 5 ±aP^^vKS 

3 0 6 . . 

3 0:7 &mmm 

307a i3mmm<Dmmm 

3 0 7 b MlgftfiW 
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308 mm^r-^v^nm 

309 mm*- ^ vtnm 

507 -smmm 
507b mmftytm® 

5 0 7 c i5&MM<Z>tp'b 

508 $m*— ^ V 

5 0 9 ^d^tSRCRM 
510 d 2 i:i-€>P3©nM 

6 0 £gftg|S 

6 i mmmmft 

6 0 0 I I iMtt^LED 

601 mm 

6 0 2 i&UMffiM 

6 0 3 pfBPWil (TSP^7 7FI) 

6 0 4 ft%M 

6 0 5 nJgGaNl (±»^5-;KM) 

6 0 6 ®.m 

6 0 7 ^Ilffi 

6 0 7 a &jM*itf)*ff£«C 

6 0 7 b wnkftytmrn 

6 0 7 c £jffiSffi©tfJifo 

6 0 8 mm*-$ vtmm 

60 9 

610 y £ hJS 

7 0 0 III ^ft^^fls LED 

8 0 L ED5>^ 

8 1 fHft^-f >f- K ... 

3 1 ffiSE# 2001-3037488 
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sia mfammzmm-znfcmm 
sib 

82 7 9>h';-K 

8 3 -r>^--u-K 

8 4 ftflg 

C &ffi«ffi©^&®*L E D©tfJJfei|» 

D ismnM&rp'bZ&Z L E D0)*f*&ifig 



3 2 £tifiE#2 0 0 1 - 3 0 3 7 4 8 8 
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mn&) mm 
[mi] 



1 O 6 



1 0 



1 O O 




1 0 7 



1 O 2 



[H2] 




2 0 0 
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[03] 



3 0 8 



3 O 7 b . 307 .307b 



3 6 



3 1 



I ' I 



• 




1 1 i 


= 1 T 



: 3 O 7 a 



3 O 1 



3 0 0 

3 0 8 

3 0 6 

3 0 5 

3 0 4 

3 0 3 

3 0 2 



3 O 9 



[04] 



3 O 6 



3 0 8 



3 O 6 




3 0 6 
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5 O 8 

[0 6] 




i 6 0 9 

3 5 0 n m — 
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[0 7] 



6 O 9 



:607b: 607 :607b 



6 0 



6 1 



rr~i ; 



6 0 7 a : 



6 O 1 



: r~i 



^600 

6 0 9 

6 0 6 

6 0 5 

6 04 

6 0 3 

6 0 2 



6 O 6 



[®8] 
D 




6 O 9 
6 O 6- 



6 O 9 



D 



J / * N * 
/ / * N * 
1 ' I s <» 
1 / ' x 


_____ >v f S 

• \ \ 

s \ \ 
s* \ \ 

S | 1 


l \ ' 

\ \ s" 

y • ^"v. 
s' — 


>y x • 

■ - %v 



6 0 5 



C 

3 2 0 |/ m 
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